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(57) ABSTRACT 

A Supporting arm of a passenger door of an aircraft, has a 
curved structure which forms hollow chambers and movably 
connects the passenger door to a frame on the fuselage. 
Receiving means one for the Supporting arm for receiving 
connecting means which enable a movable connection on 
the one hand to the passenger door and a pivoting drive and 
on the other hand to the frame on the fuselage, So that the 
door is movable by means of the Supporting arm on a 
linear-displacement path and a pivoting path. The Structure 
of the Supporting arm is formed from fiber composite, the 
Structure-forming fiber composite being formed from indi 
vidual Structural elements. This fiber composite Structure 
further improves the thermal insulation of the Supporting 
arm and nevertheless achieves a further weight reduction of 
the Supporting arm, while maintaining exacting Structural 
Safety requirements for the latter. 

23 Claims, 4 Drawing Sheets 
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SUPPORTING ARM OF A PASSENGER 
DOOR OF AN AIRCRAFT 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

This application claims the priority of Application No. 
101 41721.7, filed Aug. 25, 2001, in Germany, the disclo 
Sure of which is expressly incorporated by reference herein. 

The invention relates to a Supporting arm of a passenger 
door of an aircraft, comprising a curved structure which 
forms hollow chambers and movably connects the passenger 
door to a frame on the fuselage, there being formed on the 
Supporting arm receiving means for receiving connecting 
means which enable a movable connection on the one hand 
to the passenger door and a pivoting drive and on the other 
hand to the frame on the fuselage, So that the door is 
movable by means of the Supporting arm on a linear 
displacement path and a pivoting path. 

The passenger door opens and closes the fuselage opening 
to the passenger compartment (passenger cabin) of an air 
craft. 

The passenger door (also referred to as door hereinbelow) 
of an aircraft is mounted and held movably on a Supporting 
arm by means of two triangular linkS. The Supporting arm is 
arranged rotatably on the aircraft frame on the fuselage. 
Furthermore, an emergency opening drive, e.g. cylinder with 
push rod, is fastened on the one hand to the Supporting arm 
and on the other hand to the door. This emergency opening 
drive allows the door to be moved in an emergency. 

In the case of aircraft which are in Service, this Supporting 
arm is cast or milled in one piece from an aluminum alloy. 
This metal Supporting arm produced in one piece has a 
hollow chamber design and is structurally optimized with 
regard to its aluminum alloy and its material thicknesses. 
The Supporting arm constitutes a curved body which, in top 
plan View, has an outline curved in an L-shaped manner. 
To receive connecting means, there are formed on the 

Supporting arm receiving means, which are formed at the 
end faces of the Supporting arm. 

With respect to the frame on the fuselage, the Supporting 
arm is mounted with its end-face receiving means on an axis 
of rotation arranged on the frame. 
At the other end face of the Supporting arm, receiving 

means there carry the triangular links, which are connected 
movably to the door. 
The emergency opening drive is likewise held and 

mounted in a receiving means of the Supporting arm, a force 
transmission means of the emergency opening drive being 
connected to the door. 

The movement of the door is generally associated with the 
movement of the Supporting arm. 

The Supporting arm guides the door during the opening 
and closing operation on a linear-displacement path and a 
pivoting path. In the process, the Supporting arm carries the 
entire weight of the door and takes up Stresses. 

In the opened State of the door, the Supporting arm 
inevitably reduces the emergency opening cross-section of 
the door opening. Its external shape, found hitherto, forms 
an optimum between the narrowing of the emergency open 
ing cross-section and its functional tasks. There is therefore 
no desire to alter the external shape of the Supporting arm. 

This Supporting arm forms a joint which movably con 
nects the passenger door to the frame on the fuselage. For 
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2 
this purpose, there are formed on the Supporting arm receiv 
ing means which enable a movable connection on the one 
hand to the passenger door and an emergency opening drive 
and on the other hand to the frame on the fuselage. 

During an opening and closing operation, this Supporting 
arm thus performs a joint function and movement function 
and, in an emergency, a So-called emergency opening func 
tion. 
The Supporting arm has to cope with complicated force 

flows (longitudinal and transverse forces, bending and tor 
Sional forces) in a confined space volume. For this reason, 
only materials with an isotropic Structure have been 
employed for the Supporting arm hitherto. 
From the large number of possible Stresses on a Support 

ing arm, two Serious Stresses emerge. One of these stresses 
arises in the event of a fault involving a possible blockage 
of the door as it is being lifted and the other StreSS arises 
during the spreading-out as a result of the force of the 
emergency opening drive during the pivoting movement of 
the door. 
The Supporting arm, produced with a hollow chamber 

design, withstands these great Stresses; nevertheless, in 
aircraft construction an improved lightweight construction 
of the door and hence a reduced weight of the Supporting 
arm are also called for. Despite producing the Supporting 
arm from cast aluminum, this Supporting arm is still of 
relatively high weight. 

Furthermore, the low thermal insulation of the Supporting 
arm at cruising altitude is disadvantageous. After only one 
hour of flying, at an internal temperature of the cabin of 23 
C. the Supporting arm has a Surface temperature of only 
about 8.5 C. This low temperature influences the well-being 
of the passenger sitting in the immediate vicinity. 
An object of the invention is to further improve the 

thermal insulation of a Supporting arm and nevertheless 
achieve a further weight reduction of the Supporting arm, 
while maintaining exacting Structural Safety requirements 
for the latter. 
The invention relates to a Supporting arm of a passenger 

door of an aircraft. This Supporting arm comprises a body 
which is curved in a Substantially L-shaped manner and in 
which hollow chambers are formed. The L-shaped body runs 
in a Substantially elongated and relatively flat manner, and 
then bends approximately at right angles in an end region. Its 
outer contour corresponds to the known contour of a Sup 
porting arm made of aluminum. According to the invention, 
the Structure of the Supporting arm is formed from fiber 
composite, an anisotropic material. 

Fiber composite consists of fiber material which is 
embedded in a matrix of cured reaction resin compound. The 
Supporting arm may, for example, consist of carbon fiber 
composite (CFC). 
The structure-forming fiber composite is formed from 

individual Structural elements. These Structural elements are 
formed by fiber textile elements which are impregnated and 
cured in a production process. 
The Supporting arm made of fiber composite is produced 

in an RTM (Resin Transfer Molding) process. The RTM 
process uses in principle a mould, the mould comprising an 
upper mould part and a lower mould part, into which a 
preform is placeable in a precise-fitting manner. 
The Supporting arm made of fiber composite is produced 

by means of Such an RTM process. In the production using 
an RTM process, the Supporting arm is built up from 
individual fiber textile elements into a preform, i.e. 
assembled. 
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Fiber textile elements comprise a fiber arrangement which 
is already held by a matrix preimpregnated to a Small extent. 
As a result of the RTM process, fiber textile elements form 
the Structure of the Supporting arm. 

In order to build up such a preform for the RTM process, 
individual fiber textile elements are arranged in a manner 
appropriate to the Stresses. The preform forms a Semi 
finished fiber textile product assembled into a Single piece. 
As the individual fiber textile elements for the preform, 

use is made of at least: 

belt elements made of woven fabric as longitudinally 
running WebS for taking up preferably longitudinal 
forces, 

thick laminates as outer edge elements (wall elements) for 
taking up transverse forces and the bearing StreSS, 

belt covering elements, 
wherein a belt element lying in a horizontal plane is verti 
cally Spaced from a belt element lying in a different hori 
Zontal plane, and in a projection of the belt elements onto a 
horizontal plane, the belt elements are arranged, lying in the 
contour between top belt and bottom belt, so as to form a belt 
skeleton, and the belt elements are spaced and connected, in 
the region of the end faces of the belt elements, by belt 
covering elements, and the belt skeleton is connected by 
means of the narrow sides of the belt elements on both sides 
to an outer skin element in each case. 

Alternatively, the individual fiber textile elements can 
also be arranged in Such a way that a belt element lying in 
a horizontal plane runs with one end into a different hori 
Zontal plane and another belt element lying there runs with 
its end back into the plane of the belt element, so that both 
belt elements croSS, and the belt elements are bounded, 
Vertically Spaced, by a top belt element and a bottom belt 
element, and the belt elements are Spaced and connected, in 
the region of the end faces of the belt elements, by belt 
covering elements, and the belt skeleton is connected by 
means of the narrow sides of the belt elements on both sides 
to an outer skin element in each case. 
At least the three fiber textile elements mentioned form a 

belt skeleton which forms hollow chambers. 
The belt element has as the fiber textile element a mul 

tidirectional fiber orientation. This is particularly advanta 
geous with regard to the Stresses. 

The individual fiber textile elements are joined together, 
for example, by Sewing, bonding or the like, So as to produce 
a three-dimensional body, the preform, which forms a plu 
rality of hollow chambers. The preform corresponds to the 
external shape and the Structure of the Supporting arm. This 
preform is placed into the mould for an RTM process. The 
upper mould part and the lower mould part, as well as 
possible inserts (mould cores), enclose the preform and 
result in a closed and Sealed mould. For shaping reasons, 
individual mould cores may be necessary in the mould. 
However, this is not a requirement. Formed on the mould are 
attachment means. Each attachment means is connected to a 
resin injection device and a Suction device. Both devices are 
controllable. 

The heated and thus liquid reaction resin compound is 
injected under pressure into the closed mould. In the 
process, Suction is applied at an opposite point on the mould. 
After complete impregnation, the preform is cured. 

The reaction resin compound is a mixture of resin, hard 
ener and additives and is referred to for short as “resin' 
hereinbelow. After the curing, the upper mould part and 
lower mould part are Separated and the produced component 
is a Supporting arm made of fiber composite. The Supporting 
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4 
arm is then cleaned. Bores are made as attachment means for 
the connecting means. Metal bushes are bonded into the 
bores. 
The Supporting arm can also be produced, alternatively, 

with a half-shell design using a prepreg process. 
The invention is explained below with the aid of indi 

vidual exemplary embodiments and associated drawings. 
Other objects, advantages and novel features of the 

present invention will become apparent from the following 
detailed description of the invention when considered in 
conjunction with the accompany drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a Supporting arm made of 
fiber composite constructed according to a preferred 
embodiment of the present invention; 

FIG. 1a is a top plan view of the Supporting arm FIG. 1; 
FIG. 2 shows the Structure of the Supporting arm made of 

fiber composite, taken along Section A-A of FIG. 1a; and 
FIG. 3 is a view similar to FIG. 2, showing an alternative 

embodiment of the Structure of a Supporting arm made of 
fiber composite with crossing belt elements. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows diagrammatically a Supporting arm 1 made 
of fiber composite. Clearly evident is the body curved in a 
Substantially L-shaped manner with the outer skin elements 
5, 6. Formed at the end faces 3, 4 are receiving means 7 
which have bores running in the Z-direction. These receiv 
ing means 7, of U-shaped design, Serve to receive connect 
ing means. The connecting means are not shown in the 
figure. 
The receiving means 7 at the end face 4 on the right in the 

figure receive the pivot axis AS connected to the fuselage. 
The receiving means 7 at the end face 3 on the left in the 
figure receive the connecting means in the form of triangular 
links which form an axis of rotation AD. One of the 
receiving means at the end face 3 Serves to receive the 
connecting means for the emergency opening drive. 

This Supporting arm 1 made of fiber composite achieves 
a weight reduction of at least 25% compared, for example, 
with a cast door. With the use of fiber composite material, 
the disadvantage of insufficient thermal insulation described 
in the prior art can be markedly improved, i.e. the passenger 
comfort can be markedly improved. The structure of the 
Supporting arm 1 made of fiber composite also enables 
low-cost production, in that an efficient laying technique and 
modular design for the preform, and thus ultimately for the 
Supporting arm, becomes possible in the production process. 
The arm is not a homogenous piece but is made up of 

individual fiber-reinforced Structural elements forming a 
framework covered by a skin. The space between the 
elements can be hollow or filled with a lightweight, possibly 
foam, material. 
The fiber textile elements for building up the preform are 

arranged in a manner appropriate to the Stresses. The Struc 
ture of the Supporting arm made of fiber composite is then 
able to take up and transmit preferably torsional forces or 
Shearing forces resulting from a possible blockage as the 
door is being lifted or bending forces, Such as those which 
occur as a result of the force of an opening drive as the door 
is being SWung open. 
The Structure of a Supporting arm made of fiber composite 

is therefore described below. 
Starting from a top plan view of a Supporting arm shown 

in FIG. 1a, a section A-A is marked on this figure. This 
Section A-A is shown in FIG. 2. 
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FIG. 2 reveals the structure of the Supporting arm formed 
in the fiber composite. This Supporting arm 1 is assigned to 
a three-dimensional coordinate System X, Y, Z. 

In order to transmit bending forces into the Supporting 
arm, belt elements 21, 22, 23, 24, 25, 26 are provided. 

Each belt has a rectangular Section in the XZ plane and 
lies with its broad side in the horizontal plane (XY-plane). 
The horizontal planes and hence the individual belt elements 
21, 22, 23, 24, 25, 26 are vertically spaced from one another, 
but, in a projection onto a horizontal plane (XY-plane), 
arranged So as to lie below one another. The upper boundary 
of this arrangement is formed by a top belt element 26 and 
the lower boundary is formed by a bottom belt element 20. 
The belt elements 21, 22, 23, 24, 25, 26 form a so-called belt 
skeleton 2. 
Some of these belts 21, 22, 25, 26 run from the axis of 

rotation A, arranged on the frame on the fuselage, as far as 
the pivot axis As of the door. 
The individual belt element is quasi-isotropically 

designed, i.e. the fiber orientation in the belt element is 
multidirectional, e.g., +45 and 0/90. 

Fitted into the region of the end faces of the belt elements, 
at the end with the axis of rotation A, are U-shaped 
elements, which are referred to as elements of the belt 
covering 31, 32, 33, 34, 35. An element of the belt covering 
30, 36 is also found on the outer surface of the top belt 
element 26 and of the bottom belt element 21. The arms of 
the U extend along the respective belts and the bases extend 
between respective pairs of adjacent belts. The U-shaped 
elements are also rectangular in croSS-Section. The purpose 
of the belt covering is to enable the connection of the belt 
elements to the Outer skin elements (outer wall) through 
enlarged bonding areas. The belt covering is formed from 
fiber fabric material (preferably +45 fiber orientation). 

In the Structure of the Supporting arm 1 formed from the 
belt elements and the elements of the belt covering, indi 
vidual hollow chambers 40, 41, 42, 43, 44 lying behind one 
another in the Z-direction are already evident. Covered foam 
core elements (not shown) can be positively fitted into these 
hollow chambers. The covering of these elements is likewise 
a fiber textile element. The covered foam cores are, however, 
not absolutely necessary for the invention, although the use 
of covered foam cores as a molding aid improves the 
attachment of the two lateral outer skin elements 5, 6. The 
foam cores constitute an additional Safety reserve of Strength 
and rigidity which is not taken into account. 
The two lateral outer skin elements 5, 6 are connected to 

the narrow sides of the belt elements 30, 31, 32, 33, 34, 35, 
36 and thus tightly seal the hollow chambers 40, 41, 42, 43, 
44 present. The lateral Outer skin is designed as a half-Shell. 
Both half-shells meet and are tightly connected. Hollow 
chambers are thus formed. 

The hollow chamber design is advantageous in the case of 
a torsional StreSS, Such as that which can occur, for example, 
in the event of the described blockage as the door is being 
lifted on the Supporting arm. The transmission of the tor 
Sional forces is assisted by the lateral Outer skin elements 
closing the chambers. The lateral outer Skin elements pro 
vide Support against buckling and resistance to torsion. 

The belt covering element, the outer skin element, the 
covering of a foam core are advantageously formed from a 
laminate with a fiber orientation of +45. 

The chosen arrangement of the belt elements makes it 
possible to transmit in an advantageous manner the bending 
forces which arise during the Spreading-out as a result of the 
force of a pivoting drive into the Supporting arm. 
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6 
The chosen arrangement among belt elements, belt cov 

ering elements and the lateral Outer skin elements and 
optionally the (covered) foam core elements produces a 
Synthesis for optimally controlling the two types of loading 
mentioned at the outset. 

According to FIG. 3, a belt skeleton 20 can also be 
constructed with the existing belt elements 210, 220, 230, 
240, 250, 260 in a different arrangement. FIG. 3 also 
corresponds to a Section according to FIG. 1a. 

It is possible to form a cross-shaped Structure out of 
individual belt elements lying between top belt element 260 
and bottom belt element 210. This situation is shown dia 
grammatically in FIG. 3. This means that, for example, a belt 
element 230 lying originally in the horizontal plane extends 
obliquely towards an adjacent element 240, e.g. in the 
positive (+) Z-direction, meets it and then returns to its 
original, horizontal plane. 
On the other hand, an adjacent belt element 240 originally 

lying in a parallel plane runs obliquely in the negative (-) 
Z-direction, meets the first element and returns to its plane. 
The two belt elements 230, 240 thus form a crossing when 
viewed in the X-direction. This arrangement with two belt 
elements 230, 240 crossing can be made for other belt 
elements. The “crossing can be fastened by adhesive, or a 
fiber tie, or by any other means. 

Such an arrangement with individual belt elements croSS 
ing is expedient when particularly extreme torsional Stresses 
may arise. Such an arrangement of the belt elements is then 
particularly advantageous. 
AS regards a production process, it should additionally be 

noted, finally, that production is possible not only by the 
RTM process but also in a so-called prepreg process. If a 
prepreg process were to be employed, a So-called shell 
design of the Supporting arm to be produced from fiber 
composite could be realized. In a first working Step, 2 
part-shells cured as prepreg would be produced. Each part 
shell is produced using preimpregnated textile products 
(wovens, knits). These are laminates already with about a 
50% resin content. One half-shell is formed, for example, 
from an outer Skin element with integrated belt elements and 
belt covering elements and the second half-shell is formed 
likewise from an Outer skin element with integrated belt 
covering elements. 

In a Second working Step, both part-shells are bonded 
together and form the Structure of a Supporting arm illus 
trated in FIG. 2. 
The foregoing disclosure has been Set forth merely to 

illustrate the invention and is not intended to be limiting. 
Since modifications of the disclosed embodiments incorpo 
rating the Spirit and Substance of the invention may occur to 
perSons skilled in the art, the invention should be construed 
to include everything within the Scope of the appended 
claims and equivalents thereof. 
What is claimed is: 
1. Supporting arm for a passenger door of an aircraft, 

comprising a curved structure which forms hollow chambers 
and movably connects the passenger door to a frame on the 
fuselage, there being formed on the Supporting arm receiv 
ing means for receiving connecting means which enable a 
movable connection on the one hand to the passenger door 
and a pivoting drive and on the other hand to the frame on 
the fuselage, So that the door is movable by means of the 
Supporting arm on a linear-displacement path and a pivoting 
path, wherein the Structure of the Supporting arm is formed 
from fiber composite, the Structure-forming fiber composite 
being formed from individual Structural elements. 
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2. Supporting arm of a passenger door of an aircraft 
according to claim 1, wherein the Structure of the Supporting 
arm is formed from Structural elements, including: 

a) belt elements, 
b) belt covering elements, and 
c) outer skin element, 

wherein a belt element lying in a horizontal plane is verti 
cally Spaced from a belt element lying in a different hori 
Zontal plane, and 

in a projection of the belt elements onto a horizontal 
plane, the belt elements are arranged, lying in the 
contour between a top belt element and a bottom belt 
element, So as to form a belt skeleton, and the belt 
elements are Spaced and connected, in a region of end 
faces of the belt elements, by belt covering elements, 
and the belt skeleton is connected by means of the 
narrow sides of the belt elements on both sides to an 
outer Skin element in each case. 

3. Supporting arm of a passenger door of an aircraft 
according to claim 1, wherein the Structure of the Supporting 
arm is formed from Structural elements, including: 

a) belt elements, 
b) belt covering elements, and 
c) outer skin elements, 

wherein a belt element lying at its ends in one horizontal 
plane extends in its central region towards an adjacent belt 
element and from there back into the plane of the belt 
element, and Similarly the Second element towards the first, 
So that the two belt elements form a cross, and the belt 
elements are bounded, vertically spaced, by a top belt 
element and bottom belt element, and the belt elements are 
Spaced and connected, in the region of the end faces of the 
belt elements, by belt covering elements, and the top belt 
element and bottom belt element are also covered by a belt 
covering element, and the belt skeleton is connected by 
means of narrow sides of the belt elements on both sides to 
an outer skin element in each case. 

4. Supporting arm of a passenger door of an aircraft 
according to claim 1, wherein the belt elements, belt cov 
ering elements and outer Skin elements form hollow cham 
bers in the Structure of the Supporting arm. 

5. Supporting arm of a passenger door of an aircraft 
according to claim 2, wherein the belt elements have a 
multidirectional fiber orientation. 

6. Supporting arm of a passenger door of an aircraft 
according to claim 3, wherein the belt elements have a 
multidirectional fiber orientation. 

7. Supporting arm of a passenger door of an aircraft 
according to claim 4, wherein the belt elements have a 
multidirectional fiber orientation. 

8. An aircraft passenger door Supporting arm assembly, 
comprising a curved structure which forms hollow chambers 
and in use movably connects a passenger door to a fuselage 
frame, and 

wherein Said curved Structure includes a plurality of 
individual structural elements made of fiber composite 
material. 

9. An aircraft passenger door Supporting arm assembly 
which forms hollow chambers and in use movably connects 
a passenger door to a fuselage frame, 

comprising a plurality of individual Structural elements 
made of fiber composite material, 

wherein Said structural elements include: 
a) belt elements; 
b) belt covering elements, and 
c) outer skin elements. 
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10. An assembly according to claim 9, wherein a belt 

element lying in a horizontal plane is vertically Spaced from 
a belt element lying in a different horizontal plane, and 

in a projection of the belt elements onto a horizontal 
plane, the belt elements are arranged, lying in the 
contour between a top belt element and a bottom belt 
element, So as to form a belt skeleton, and the belt 
elements are Spaced and connected, in a region of end 
faces of the belt elements, by belt covering elements, 
and the belt skeleton is connected by means of the 
narrow sides of the belt elements on both sides to an 
Outer Skin element in each case. 

11. An assembly according to claim 9, wherein a belt 
element lying at its ends in one horizontal plane extends in 
its central region towards an adjacent belt element and from 
there back into the plane of the belt element, and similarly 
the second element towards the first, so that the two belt 
elements form a croSS, and the belt elements are bounded, 
vertically spaced, by a top belt element and bottom belt 
element, and the belt elements are Spaced and connected, in 
the region of the end faces of the belt elements, by belt 
covering elements, and the top belt element and bottom belt 
element are also covered by a belt covering element, and the 
belt skeleton is connected by means of narrow Sides of the 
belt elements on both sides to an Outer Skin element in each 
CSC. 

12. An assembly according to claim 9, wherein the belt 
elements, belt covering elements and Outer skin elements 
form hollow chambers in the Structure of the Supporting arm. 

13. An assembly according to claim 10, wherein the belt 
elements, belt covering elements and Outer skin elements 
form hollow chambers in the structure of the Supporting arm. 

14. An assembly according to claim 11, wherein the belt 
elements, belt covering elements and Outer skin elements 
form hollow chambers in the Structure of the Supporting arm. 

15. An assembly according to claim 9, wherein the belt 
elements have a multidirectional fiber orientation. 

16. An assembly according to claim 10, wherein the belt 
elements have a multidirectional fiber orientation. 

17. An assembly according to claim 11, wherein the belt 
elements have a multidirectional fiber orientation. 

18. An assembly according to claim 12, wherein the belt 
elements have a multidirectional fiber orientation. 

19. An assembly according to claim 13, wherein the belt 
elements have a multidirectional fiber orientation. 

20. An assembly according to claim 14, wherein the belt 
elements have a multidirectional fiber orientation. 

21. A method of making the assembly according to claim 
9, comprising: 
forming part-Shells using preimpregnated textile 

products, and 
bonding the part-shells together. 
22. A method of making the assembly of claim 9, com 

prising: 
forming a first part-shell using preimpregnated textile 

products to form an Outer skin element with integrated 
belt elements and belt covering elements, 

forming a Second part-shell using preimpregnated textile 
products to form an Outer skin element with integrated 
belt covering elements, and bonding the part-shells 
together. 

23. A method of making the assembly according to claim 
9, comprising using a resin transfer molding process. 
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